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$&/ 1 The %-hour Syncom I1 s a t e l l i t e  has been under 

CP by range and range rate radar  and Minitrack Radio Interferometer s t a t i o n s  
/ 

s i n c e  mid-1963 [Wagner, 1964b], \Seven months of longitude d r i f t  i n  t he  

v i c i n i t y  of two momentarily s ta t ionary  configurat ions w e r e  analyzed f o r  

s e n s i t i v i t y  t o  hypothet ical  longitude componenrs of the  e a r t h ' s  g rav i ty  

f i e l d  which would be i n  "resonance" on such a s a t e l l i t e ) ' [ B l i t z e r  e t  a l . ,  

1962; Wagner, 1964a). ;This d r i f t ,  i n  t h e  region 54 t o  64 degrees w e s t  
4 ...-- 

longitude, was derived from o r b i t s  calculated I a t  t h e  Goddard Space 
-i 

Fl igh t  Center. 

From mid-August 1963 t o  l a t e  Kovember 1963, the  Figure 8 ground 

' . t r ack  of Syncm XI d r i f t e d  from 55Owest t o  59' w e s t ,  with a mean 

acce lera t ion  of 

The average growth of t he  semi-major ax is  f o r  t h i s  psriod was estimated as 

( . 09932.0042 1 km/day 
0 

The Figure 8 configurat ion was momentarily s t a t iona ry  a t  about h . 7 6  on 

6 September 1963, a t  which t i m e  t h e  seni-major a x i s  w a s  
/ 

(42166.02.2) hn , 

On 28 Novanber 1963, t he  westward d r i f t  of Syncom 11 w a s  stopped by 

ground cornand f i r i n g  of tangent ia l ly  oriented co ld  gas jets on-board 

the  satellite. 



From e a r l y  December 1963 t o  mid-Febtuary 1964, t h e  Figure 8 ground 

t r ack  of Syncom 11 d r i f t e d  from a momentarily s t a t iona ry  pos i t ion  a t  

about 59.15 west, (semi-major axis: 42165.92.4 b) co 63.5' west. o 

The estimated mean geographic longitude acce le ra t ion  of t he  ground t r ack  

f o r  t h i s  period was 

(2) 
2 -(1.32+.02) - x d3 degrees/day ., 

The average growth of the  semi-major ax i s  f o r  t h i s  period was 

(.0994~.0080) km/day. 

Simulated Syncom I1 t r a j e c t o r i e s  for  t hese  d r i f t  periods,  s t a r t i n g  w i t h  

t h e  i n i t i a l  o r b i t a l  elements, show good agreement w i t h  t h e  observed 

t r a j e c t o r i e s  i f  an e a r t h  grav i ty  f i e l d  w i t h  longitude dependence is 

used i n  the  p a r t i c l e  program of the  simulation. Sun and moon. inLfluence, a s  w e l l  

a s  ea r th  Z O M ~  grav i ty  influence,on d r i f t  acce le ra t ion  (as assessed by 

t h i s  simulation) f o r  t h e  f u l l  seven months of Syncom I1 data  analyzed. 

appears t o  be neg l ig ib l e  compared t o  hypothetical  ea r th  grav i ty  w i t h  

longitude dependence. Other  possible causes of t h i s  observed long term 

accelerated longitude d r i f t ,  such as (1) s e l e c t i v e  outgassing o r  leaking 

of on-board gas jets, (2) micrometeorite c o l l i s i o n s ,  (3) s o l a r  wind or 

r ad ia t ion  in t e rac t ions ,  o r  (4)  geomagnetic f i e l d  in t e rac t ions  i n  t h e  

environment of Sync0311 ZI a l l  appear t o  be extrernely unlikely.  

The theory i n  Wagner [1964b] showed t h a t  any e l l i p t i c i t y  of t h e  

ea r th ' s  equator w i l l  cause an otherwise s t a t i o n a r y  Figure 8 ground 

t r ack  of a 24-hour incl ined near c i r c u l a r  o r b i t  satell i te,  t o  d r i f t  i n  

longitude with an acce le ra t ion  given by .. 
A = -AZ2sin2y, (3) 



- 3- 
whc. I 

(4) A = - 7 2 ~ ~  2 J (R / a )  2 2  ( c o s  i i 1). rad/sidereal-day 2 
2 '2 22 0 

[Rei;ltions (3) and (41, without t h e  i n c l i n a t i o n  fac tor ,  are a l s o  t o  be found 

i n  Allan 119631 and Wagner [1964a].) 

y is t h e  nodal longitude of t h e  24-hour conf igura t ion  east of t h e  

minor a x i s  of t h e  e l l i p t i c a l  equator. J22 is t h e  amplitude of t h e  f i r s t  

s i g n i f i c a n t  longitude dependent term i n  t h e  spher ica l  harmonic expansion 

of t h e  ea r th ' s  g r a v i t y  poten t ia l .  It is r e l a t e d  to t h e  d i f f e rence  between 

major and minor e a r t h  equa to r i a l  r a d i i  by: 

-9 Kaula 19653 

[Izsak, 1961; Wagner, 1962; 

a 0 - b 0 - -6R0J22. 

R is t h e  slean equa to r i a l  radius of t h e  earth. 

of t h e  24-hour satellite. *'i" is its inc l ina t ion .  

i n c l i n a t i o n  during both d r i f t  periods analyzed w a s  c lose  t o  33.0 . 

a is t h e  seini-major a x i s  
0 

For Syncom 11, t h e  

0 

Under t h e  assumption t h a t  t h e  above observed d r i f t  acce l e ra t ion  is 

sensing only t h e  lowest order  of longitude dependent ea r th  g r a v i t y  ( t h a t  

assoc ia ted  with t h e  e l l i p t i c i t y  of the  e a r t h ' s  equator ) ,  t h e  two d r i f t  

acce l e ra t ions  of Syncom 11, Equations (1) and (21, s a t i s f y  r e l a t i o n s  (3 )  

' 

and (4) uniquely with t h e  following values of equator ia l  e l l i p t i c i t y :  

-6 
J22 (unadjusted for higher order = -(1.70+.05) - x 10 

e a r t h  g r a v i t y  e f f e c t s )  

corresponding t o  a d i f f e rence  i n m a j o r  and minor equator ia l  r a d i i  o f :  

a - bo - 65 2 2 meters 
0 

and, 

Xz2 = 
(1926) degrees w e s t  of Greenwich, 

l oca t ing  t h e  major a x i s  of t h e  ea r th ' s  e l l i p t i c a l  equator. 
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From Table 1, i t  is seen that these values f o r  the  second order 

tesseral  hamonic of ear th  gravity a re  i n  reasonable agrement with recenf 

deterixinations of longitude gravicy from lower a l t i t u d e  s a t e l l i t e  

observations and surface gravimeta data. 

older  geoids which give tesseral  f ie ld  coeff ic ients  t o  higher order 

than the second, i t  would appear that a t  t he  high a l t i t ude  of che 

24-hour s a t e l l i t e ,  the  second order longitude e f fec t  accounts f o r  

about 859. of the f u l l  f i e ld  effect  a t  54 t o  64 w e s t  longicuds. Tne 

f u l l  longitxde f i e l d  is consistenzly depressed below the 2 f i e ld  a t  

these longitudes f o r  a l l  the  recent geoids of Table 1. On t n e  basis of 

the recent ncasures of higher order tesseral gravity, calculations sSow 

the Syncm XI estimates (5) and (6) should be: 

Frorn a consensus of recent and 

0 0 

22 

J22 (adjusted f o r  probable - -(1.9 2.2 ) x ( 7 )  
higher order earth 
gravity effects)  

or, 

a - b = 73~8rieters 
0 0 

and, A22 - (2127)' w e s t  of Greenwich. ( 8 )  

That longitude dependent earth gravity ex i s t s  s e a s  w e l l  established 

from a large nmber of recent gravity reductions on different  bases (Table 1). 

This 24-hour s a t e l l i t e  reduction (because the  a l t i t ude  is so high) 

appears t o  separate out t he  second order e f fec t  almost enrirely from the  

sum of a l l  higher order ear th  gravity effects.  

more inhomogeneous i n  longitude than is thought to date, ( 7 )  and ( 8 )  a r e  

t o  be considered absolute estimates of the bounds on the  e l l i p t i c i t y  

of the equator. 

Unless the  earth is f a r  
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